Abstract -The effect of dietary water content on Dicentrarchus labrax growth parameters and resistance to Vibrio anguillarum infection was investigated using commercial pellets with identical energy contents and different moisture levels. The first experiment hypothesis was that moisturizing pelleted ration can have an impact on Dicentrarchus labrax growth performance by the osmoregulation energy cost reduction. In a second time, the experiment explores the effect of water addition in pellets on the fish resistance to a disease. A specific device was built to uniformly moisturize dry pellets to different moisture levels, i.e. 8%, 20%, 40% and 60%. After an acclimation period and a 54-day rearing period, the control fish had grown from 72.7 ± 17.9 g to 133.3 ± 29.4 g. No significant differences were recorded for fish growth parameters. After the growth period, the tagged fish were mixed and challenged by bath exposure to live Vibrio anguillarum in triplicate. After 7 days, mortality was significantly lower in the group of fish fed with pellets containing 60% water. Adding water to Dicentrarchus labrax feed did not affect fish growth parameters but increase its resistance to a Vibrio anguillarum infection. The moisturizing process could be used to add specific compounds (such as probiotics or vitamins) to pellets just before fish feeding and could have a positive effect on fish rearing.
Introduction
The expected development of fish aquaculture in the next thirty years and the decrease in fresh water quality and availability are strong arguments in favour of the development of marine fish production. Aquaculture feed accounts for approximately 50% of fish production costs worldwide (Rana et al. 2009 ). In modern aquaculture, fish are fed using extruded pellets. This type of diet is associated with nutritional balance, stable energy levels and controlled nutrient quality. However, because of the formulas and process used, extruded pellets are very hard. In Europe, the legal water content in animal feed is less than 10% (European-Union 2009). This allows biochemical stability to be maintained during transportation and storage. A large proportion of farmed fish around the world are fed dry pellets with high and stable energy contents and low moisture levels. This contrasts with the 70-80% water content of natural preys (Kristiansen and Rankin 2001; Ruohonen et al. 1998a) . Fish guts are adapted to digesting preys with a high water content (Buddington et al. 1997) .
Dry pellet consumption imposes to a demand for water on fish, which is partly met through drinking and swimming (Ruohonen et al. 1997) . Drinking rates vary according to the a Corresponding author: cyrille.przybyla@ifremer.fr fish life-stage (Ruohonen et al. 1997; Tytler et al. 1990 ) and feed uptake rhythm. An unfed trout drinks four times less than a fed one (Kristiansen and Rankin 2001) .
Dietary water content has a direct effect on the digestive activity of fish and especially on gastric residence time. The food needs to be moisturized in the digestive tract from 10% (dry pellets) to 63-76% for the digestion process to start (Hughes and Barrows 1990; Kristiansen and Rankin 2001) . Fish digestion starts between 2 to 4 h after meals consisting of commercial pellets (Chatzifotis et al. 2005; Ruohonen et al. 1997) . Regarding the whole body composition of fish, the water content of cultured fish fluctuates between 63% (Kaushik et al. 2004 ) and 76% ( Van Ham et al. 2003) . Water in the fish digestive tract mainly derives from diet, water ingested through drinking and stomach secretions. Ingested water and stomach secretions contribute, respectively 25-35% and 34-44% to stomach water (Kristiansen and Rankin 2001) .
Marine organisms such as marine fish have adapted their physiology to compensate for water losses (Quinton 1912) due to osmotic pressure differences between their bodies (around 320 mOsm kg −1 , salinity 10) and the saline environment they live in (around 1000 mOsm kg −1 , salinity 35). Fish need to drink the water surrounding them to avoid dehydration due to osmoregulation (Whittamore 2012) . The marine teleost intestine absorbs a hypertonic fluid to compensate for fluid lost by diffusion into the marine environment (Heuer et al. 2012) . Finally, fish need to increase their drinking rate by swimming for the meal hydration process and to compensate for water losses.
The positive effect of dietary water content has already been demonstrated in different fish aquaculture studies. A few publications describe aquaculture fish growth and the results are variable. No effect on fish growth parameters was observed for salmonids (Hughes and Barrows 1990; Ruohonen et al. 1997; Ruohonen et al. 1998a ) and marine species such as Sebastes schlegeli (Lee et al. 2000) , Lates calcarifer (Chou 1984) and Psetta maxima (Bromley 1980) . On the other hand, a positive effect was found for some marine species such as Psetta maxima (Bromley 1980; Grove et al. 2001) , Dentex dentex (Chatzifotis et al. 2005) , Seriola dumerilii (Papadakis et al. 2008) and Solea solea (Schneider 2009 ).
The marine teleost digestive tract plays a triple role as a food processor, an osmoregulation organ and a protective barrier against bacteria (Nikolopoulou et al. 2011; Mouchet et al. 2012) . The objective of this study was to investigate the effect of commercial pellets with increased moisture content (20%, 40%, 60%, control 8%) on European sea bass (Dicentrarchus labrax) growth using the hypothesis that the reduction in swimming could be converted into growth. The second objective was to assess the resistance of fish fed for 54 days with feeds with different water contents and then challenged by bath exposure to Vibrio anguillarum infection, the point being to observe the resistance of the fish to a vibriosis, but not in terms of pathological mechanisms. The hypothesis used for the challenge experiment was that immune system may possibly be stimulated by the water addition in fish feed.
Materials and methods

Experimental rearing system
The experiment was carried out in a stable environment using a recirculating aquaculture system (RAS-25 m 3 ) with a UV unit (33 mJ cm −2 ), mechanical and biological filters (0.7 m 3 ) and a carbon dioxide degassing column. Twelve self-cleaning circular tanks (1 m 3 ) were used. The oxygen concentration was maintained at 90% saturation for optimal fish growth (Pichavant et al. 2001 ) and measured at the tank outlets. The temperature of the water was maintained at 21.9 ± 0.7
• C in an optimal range for European sea bass growth (Person-Le Ruyet et al. 2004) . The photoperiod was 16 h/day of light and was kept constant throughout the experiment. The RAS water replacement rate was 0.5 to 1 m 3 h −1 . Each tank was connected to a 23-L individual particle trap for the collection of faeces and the estimation of non-ingested pellets.
Water quality parameters
Temperature, salinity and pH were measured daily in the storage tank of the RAS using a handheld WTW Cond 315i device and an Ecoscan r pH meter. Oxygen concentrations were recorded continuously in the particle traps of each tank using a YSI 550A dissolved oxygen meter with Oxyguard r probes. Water samples were taken from the experimental system twice a week, filtered through glass-fibre filters (GF/C Whatmann r ) and then analyzed the same day for total ammonia nitrogen (TAN) using the method described by Solorzano (1969) . Nitrite concentrations were determined using the molecular absorption method described by Bendschneider and Robinson (1952) and nitrate concentrations were measured using the same method after nitrite reduction using a cadmium column (Wood 1967) . The average concentration (mg L −1 ) of nitrogen compounds as ammonia (0.28 ± 0.12), nitrite (0.15 ± 0.09, nitrate (4.08±1.91), urea (0.15±0.09) and phosphates (0.25±0.1) were monitored in a safe range in the experimental RAS.
Experimental feed
Experimental feed support
Commercial pellets (proteins 44%, lipids 16%, ash 7%, energy 20.2 MJ) from an identical batch were used for the experiment (acclimation and experimental period). The experiment required water to be added to the dry matter. The commercial feed was selected for its low lipid content which made it less hydrophobic. For aquafeed with highest lipids contents the experiment can be done with a process adjustment like increasing the depression intensity and the contact time between pellets and water. The volume of water added to the feed was calculated to reach 20% (M 20 ), 40% (M 40 ) and 60% (M 60 ) of the feed weight. The commercial pellets contain 8% (M 8 ) moisture and were used as the control feed.
Feed moisturizing method
A specific and original device was used to increase pellet moisturizing efficacy. Nine graduated glass tubes (precision 0.1 ml) joined with a hermetic junction to a Nalgene filtration unit (pellets container) were linked to a vacuum pump (Fig. 1) . Identical volumes of pellets were kept under pressure (0.7-0.8 bar) without adding water for five minutes to remove part of the air contained in the pellets. The volume of the pellets increased slightly due to the vacuum. Different volumes of water, calculated to achieve 20% (M 20 ), 40% (M 40 ), and 60% (M 60 ) moisture, were then added to the pellets. The pellets and water were kept under pressure for ten minutes. When pressure stopped being applied, the volume of the pellets decreased trapping the water inside the pellets. The M 8 control pellets were not treated. The moisturizing process increased pellet volume slightly and changed the colour of the pellets from dark brown (M 8 ) to light brown (M 60 ). The water added into the containers was uniformly trapped. All the M 60 , pellets were evenly moisturized.
Feeding strategy
Fish satiety depends on the capacity of the fish stomach (Gwyther and Grove 1981) . The addition of water increased pellet size. For identical feed volumes, moisturized pellets contain less energy than dry pellets. Fish are able to compensate a lack of energy related to dietary water content by increasing their feed intake (Grove et al. 2001; Ruohonen et al. 1998b) . For this experiment, fish were all the same size and therefore their stomach volumes were assumed to be identical. For a same initial feed volume (dry matter), fish fed with M 60 pellets have been satiated before those given the M 8 , M 20 , and M 40 pellets because of the high water content of the pellets. In order to avoid different feed rhythms and compare fish growth, the feeding strategy was to deliver the same energy and the same amount of pellets. A fixed restricted ration was distributed for all conditions (calculated in dry matter) adjusted and based on the average M 60 fish intake. The experimental protocol took into account that the fish feed intake of the control treatment M 8 was suboptimal compared to a classic feeding.
Moisturized pellets distribution
Moisturized meals were prepared daily to avoid freezing which may induce nutritional changes such as protein denaturation. Meals were distributed manually over 2 h to preserve pellet moisture stability while respecting fish demand. During feeding, the moisturized pellets were kept in an airtight box to avoid water evaporation. Uneaten pellets were trapped in the particle trap of each tank, counted and converted daily into dry matter to evaluate the non-ingested food volume. Meal sizes were adjusted frequently according to the increasing biomass. The amount of protein and lipids provided daily to the fish was the same for all conditions for 54 days.
Fish population and acclimation period
The European sea bass were produced by the Palavas IFREMER station from non-inbred stock. The fish were individually tagged (n = 590) with passive integrated transponder tags. Forty-seven to fifty fish (62.7 ± 2.4 g) were distributed into twelve tanks (arranged in triplicate for each treatment). Tank distribution was calculated so the same biomass (3.5 ± 0.2 kg m −3 ) would be achieved at non-stressful density (Sammouth et al. 2009 ). The fish body weight coefficient of variation was under 25%. Coefficient of variation for fish body weight, W, CV = 100 × Standard deviation/mean W.
The acclimation period in the experimental tanks was 27 days.
Experimental growth period
The experimental growth period started when a normal daily feed ingestion rate was observed for each tank. The M 8 , M 20 , M 40 and M 60 pellets were randomly assigned in triplicate to different tanks in the experimental room. The fish were fed daily for 54 consecutive days. All the fish were weighed individually three times (on days 0, 27 and 54). For biometric analysis, the fish were anesthetized (20-30 ppm) with clove essential oil (Eugenol ) following 24 h of starvation (Kaiser et al. 2006) .
The following indices and formulas were used to assess fish growth:
where W i and W f are respectively the initial and final average body weight (g), t the duration of the experiment (days), Wp is the weight of dry feed ingested (g), and B i and B f are the initial and final fish biomass (g).
Bath challenge with Vibrio anguillarum
Bacteria culture
At the end of the feeding period, the fish (n = 320) were submitted to a bath challenge with a bacterium to assess their resistance to infection (Volpatti et al. 2013 ). The representative V62 strain of Vibrio anguillarum (kindly provided by Dr Breuil, Ifremer, France) was isolated from diseased European sea bass reared in farm located along the French Mediterranean 76 C. Przybyla et al.: Aquat. Living Resour. 27, 73-81 (2014) coast. The strain was cultivated by the Montpellier Ifremer laboratory team using Zobell marine agar at 20
• C until constant exponential growth was achieved. After 48 h, a colony was grown in a test tube containing 5 ml Zobell liquid medium for one day at 20
• C with stirring at 250 rotations per minute. Two consecutive 1:40 and 1:20 culture dilutions were prepared respectively 48 h and 24 h later under the same conditions. The final colony concentration, evaluated using spectrophotometry (630 nm), was 10 7 colony forming units (CFU) ml −1 .
Fish sampling for the bath challenge
Bath exposure realistically simulates infection in farming conditions compared to intra-peritoneal injections in fish. At the end of the feeding period (54 days), all the fish (130.6 ± 0.2 g) were slightly anesthetized (100 ppm) after 24 h of starvation, with phenoxy-2-ethanol. Four 100-liter bath tanks were prepared with pure oxygen and no water renewal. Each bath tank received 20 tagged fish from each treatment (n = 80).
Fish pathogenic bath challenge
A culture volume of 800 ml of Vibrio anguillarum (10 7 CFU ml −1 ) was introduced into three bath tanks. No bacteria were added to the fourth bath tank considered to be the pathogenic challenge control. The fish were exposed for one hour with a charge of about 100 kg m −3 . The four fish populations were then transferred into four larger tanks (1 m 3 ) belonging to a specific pathogen-free RAS (4.5 m 3 ). The "tank effect" factor was analysed statistically. The system effluents were treated by chlorination. Seawater temperature was maintained at 19.1±0.3
• C during the test period. Fish mortality was monitored twice daily during the subsequent 7 days (168 h). Dead fish were identified using the fish transponder tags.
Statistical analysis
The normal distribution of data and homoscedasticity were controlled using the Linear test and the Fisher-test, respectively (Microsoft EXEL TM ). For normally distributed data, differences were detected using ANOVA and the model Y = Var 1 + Var 2 + ε 1/2 (Statsoft STATISTICA 8.0 TM ) where Var 1 was the moist pellet effect, Var 2 was the tank effect and ε 1/2 was the residual moist pellet/tank part. Growth data of the fish (W f − W i ) were analyzed statistically using the Generalized Linear Model and Y = Var 1 + Var 2 (Var 1 ) + ε 1/2 , tested using Tuckey's HSD test (Statsoft STATISTICA 8.0 TM ). Daily feed consumption, SGR and FCR data did not meet statistical requirements and the analysis was performed using the nonparametric Wilcoxon test (Statsoft STATISTICA 8.0 TM ). Fish mortality was analyzed using the Chi-squared test (χ 2 ) to detect significant differences between the bath tanks and treatments. Mortality means in percentage (k) per treatment were converted using y = Arcsin ( √ k), followed by comparison of groups using post hoc Fisher's Least Significant Difference (LSD) test (Statsoft STATISTICA 8.0 TM ). The H 0 hypothesis considered there were no differences between mortality means and the level of significant difference was set at 5% (p 0.05). ). The left column shows the first period (27 days) and the right column shows the second period (27 days).
Results
Fish growth and rearing mortality
In the control group, average fish weight was initially 72.7 ± 17.9 g and it reached 133.3 ± 29.4 g after 54 days. Individual fish weight gain was not significantly different between treatments (Table 1) including control (M 8 , feed pellet with 8% moisture content). No significant differences were observed in the fish growth parameters DFC, SGR, and FCR with the different feeds during the whole experiment (Fig. 2) . Fish size variability, expressed by the weight coefficient of variation, decreased with all feeds during the experiment. The average DFC was in an acceptable range from 1.0% to 1.1% day −1 and pellet consumption was higher during the first period for all feed moisture levels. Feed conversion ratios were similar for all treatments and followed a gradient ranging from 1.16 (M 8 ) to 1.24 (M 60 ). Focused analyses during the two successive 27-day periods revealed a slightly better FCR with M 8 , with M 8 > M 20 > M 40 = M 60 during the first period. All FCRs decreased during the second period except M 60 which stayed the same and was ranked first. During the whole experiment, the SGR with all feeds was in the range of 1.0% to 1.1% day −1 . SGR was higher during the first period but not statistically different during the second period.
No mortality was observed during the acclimation period. During the experimental period rearing mortality was limited for M 8 (3.4%), M 20 (4.1%), M 40 (3.4%) and very low for M 60 (0.7%).
Pathogen challenge
Oxygen percent saturation in the challenge RAS was 103.2 ± 0.3% and was not limiting for fish physiology. The pH was 7.79 ± 0.03 and the oxido-reduction (redox) potential was 193±29 mV. During the challenge period, no mortality was observed in the non-infected control tank. The fish mortality observed in the three other infected tanks can be considered to be a response to infection. Mortality was observed during 168 h (7 days). The first death was recorded 44 h after the challenge. Vibrio anguillarum infection causes lethargy, exophthalmia, skin lesions, internal organ haemorrhages and finally death in non-resistant fish. The total mortality rate was 178 fish, i.e. 74% of the total challenged population (n = 240). No significant differences in mortality were observed between the three infected tanks. The absence of a "tank effect" allowed us to compare the four treatments in the three mixed populations. Mortality peaked at 19 fish with the M 8 pellets 56 h after the infection and 18, 13 and 12 fish 12 h later with the M 20 , M 40 , and M 60 pellets, respectively. Fish mortality kinetics was less important with the M 60 pellets (Fig. 3) . Half the deaths occurred about 56 hours after contact with the Vibrio bacterium with all pellets except the M 60 pellets with which half the deaths occurred at around 68 h. An initial statistical analysis revealed a difference between the four feeding conditions. Focused analysis using Tuckey's HSD post-hoc test showed that the final mortality rate (168 h) with the M 60 treatment (49 ± 15%) was significantly lower (p < 0.05) than with the M 40 (78 ± 2%), M 20 (86 ± 6%) and M 8 (85 ± 3%) pellets. The M 40 mortality rate was significantly lower (p < 0.05) than the M 20 and M 8 rates from 104 to 146 h but not at the end of the experiment.
Discussion
Experimental growth performance
This study was based on the hypothesis that moisturized feed could have a beneficial effect on fish growth through osmoregulatory cost reduction. Fish growth is directly linked to feed composition, rearing system and water quality. Water parameters in our experimental RAS were in line with regular rearing conditions for European sea bass (Dosdat et al. 2003) . The fish body weight coefficient of variation was lower at the end of the experiment for all treatments and contributed to fish population homogeneity. However, the M 8 -SGR and -FCR were better under limited feeding conditions than in previous experiments in the same facility (Deviller et al. 2004; Mladineo et al. 2010) . All these parameters indicate that our feeding strategy was correct. No significant differences in DFC, SGR and FCR were observed between the various feeds during 54 days. Generally duplication of initial weight is considered the bare minimum but the availability of the experimental tools did not allowed us to continue the experiment longer. In view of the Dicentrachus labrax growth model in 78 C. Przybyla et al.: Aquat. Living Resour. 27, 73-81 (2014) RAS, seven days more were required to reach this goal. Increasing dietary water content had no effect on European sea bass growth when the fish weighed between 73 g and 133 g.
Our results in this growth range do not support the better growth hypothesis with moisturized feed although some studies on marine fish species report better growth. This was the case for adult Dentex dentex fed with M 20 pellets for 151 days (Chatzifotis et al. 2005) or fingerlings fed with M 25 pellets for 120 days (Efthimiou et al. 1994) . Psetta maxima juveniles fed with M 81 prey for 120 days showed better SGRs and FCRs (Grove et al. 2001) . A slight difference in FCR in favour of M 32 feed was observed for Lates calcarifer fed for 130 days (Chou 1984) . A significant difference was observed in the SGR with the profile (SGR M40 = SGR M20 ) > SGR M7 being reported for Seriola dumerilii and a significant difference in FCR in favour of M 20 feed was observed during a 126-day experiment (Papadakis et al. 2008) . Similar results were observed with Pampus argenteus fingerlings fed with M 25 feed for 82 days (Cruz et al. 2000) . However, no significant differences were found between Sebastes schlegeli larvae fed with M 36 feed for 82 days (Lee et al. 2000 Our study was divided in two consecutive 27-day periods. The growth parameters with all the feeds were lower in the second period compared to the first, except FCR M60 which remained stable. This observation could indicate that in sea bass, the feed conversion process starts being efficient after 7 weeks of feeding with moist diet. Taking into consideration previous studies, significant results on growth parameters might be obtained after a study period of 110 days. Our experiment was undoubtedly too short even if a trend in favour of FCR M60 became visible but remained non-significant.
Nutrient assimilation
Fish drinking rates and digesta moisturizing mechanisms concern both fresh water and marine fish (Kristiansen and Rankin 2001; Varsamos et al. 2004 ). Dietary moisture content had a significant effect on pink salmon (Oncorhynchus gorbuscha) growth (Higgs et al. 1985) . The FCR is strongly dependent on the efficiency of the digestive process which is based on the digestive bacteria in the mucus layer and digestive enzyme activity. The digestibility coefficients of processed and formulated fish feeds are 5% to 10% lower than those of natural food. The digestive process might be limited by the high energy of dry formulated feed, which may rapidly saturate stomach assimilation sites (Jobling 1986 ). The FCR M60 stability compared to the other treatments suggest that dietary moisture may play a role in nutrient digestibility and probably represents an environmental change for the digestive bacterial community located in the gut of fish.
The moisturized pellets were brighter in colour than the commercial pellets (control) but buoyancy was the same. With Korean rockfish, Sebastes schlegelii (Lee et al. 2000) , Chinook salmon, Oncorhynchus tshawytscha (Hughes and Barrows 1990) and Salmo salar (Oehme et al. 2014 ) feed intake was more dynamic when the pellet water content was increased.
This behaviour was also observed in this study during feeding of the M 60 fish. It could be due to better pellet visibility in a dark tank. Visual detection of inert prey by the fish would be the main factor affecting feeding behaviour. Alternatively, moisturizing the pellets might increase their palatability. Moisture-related pellet dilation could promote nutrient flavour spreading in the tank and increase fish appetite sensitivity. This could explain the faster feed intake in the M 60 tank compared to the other tanks.
Rearing mortality
Fish mortality during the rearing period was lower in the M 60 tank (one died fish only) than in the other tanks (5-6 fish). All the fish were acclimated for 27 days before the growth experiment and no mortality was recorded during this period. The mortality observed in our stable experimental RAS could be associated with a specific feed moisture-related event. Rearing mortality decreased when feed water content increased in silver pumfret (Pampus argenteus) fed with M 10 (25%) and M 25 feed (0%) (Cruz et al. 2000) , in Dentex dentex (Chatzifotis et al. 2005; Efthimiou et al. 1994 ) and in barramundi (Lates calcarifer) fed with M 32 feed (10%) (Chou 1984) . Fish survival could be linked to dietary quality which has an impact on the protective bacterial community (Wong et al. 2013 ). Rearing mortality is strongly linked to the system (cage, flowthrough system or RAS) but it represents a small economic loss compared to loss caused by bacterial infection.
Resistance to bacterial infection
Vibrio anguillarum adheres to the fish gut (Horne and Baxendale 1983) . The fish from the M 60 tank showed better resistance to Vibrio anguillarum infection. The fish intestine plays an recognized osmoregulatory role by absorbing fluid to compensate for water losses in a hyperosmotic environment (Whittamore 2012) . The fish gastrointestinal tract assimilates 63% of water ingested by drinking or eating moist feed (Bucking et al. 2011) . The intestinal mucus of fish contains various indigenous bacterial colonies and is a favourable ecosystem for Vibrio anguillarum multiplication (Westerdahl et al. 1994) . The mucus layer is permanently in contact with the rearing water. The Vibrio bacteria found in fish mucus come exclusively from ingested water (Olsson et al. 1992; Spanggaard et al. 2001 ) and can still be observed in the mucus layer 6 hours after ingestion despite the action of the bile and a low pH. Bacterial concentrations and families in the fish gut may play an important role against a Vibrio infection. A gastrointestinal tract hosting protective bacteria is a barrier against pathogens and 60% of the protective bacteria are able to inhibit exogenous pathogenic bacteria and 28% specifically inhibit Vibrio anguillarum (Westerdahl et al. 1991) .
The adhesion of Vibrio anguillarum to the fish gut implies a partially non-specific mechanism such as a hydrophobic interaction related to specific probiotics (Grzeskowiak et al. 2011) . A hydrophobic mechanism of adhesion of the bacterium to the mucus layer of the fish could explain the results in the M 60 conditions and the shift in the mortality peak to 24 h after the other conditions. Pathogenic bacteria present in water ingested during the challenge period may have had more difficulties invading the mucus layer of fish because of the moisture in the feed. This could explain the gradient results observed with increasing feed water contents.
In addition to the Vibrio adherence and protective bacteria aspect, another factor may be investigated. Digestive tract mucus integrity is essential for fighting undesirable pathogens (Buddington et al. 1997; Svendsen and Bogwald 1997) . Moisturizing formulated feed softens the feed proportionally to the amount of water added. Softening pellets could reduce the abrasive action of dry pellets on the mucus layer. This observation was already reported in farm-reared Dicentrarchus labrax fed with commercial pellets and compared to fish from fishing fed with natural prey with 70-80% water content. Pronounced hypertrophy of the intestinal folds and abrasion-induced degeneration of the epithelium has been demonstrated in aquaculture fish (Deplano et al. 1991) .
Mucus integrity, site conversion of nutrients, a protective bacterial community and Vibrio difficulty in adhering to the intestine due to the moisture content of the feed could explain the noteworthy results obtained following the challenge of fish fed with pellets with the highest water content.
Conclusion
In our study, no statistical difference in Dicentrarchus labrax growth was observed between the dry and moisturized diets. A longer rearing period, probably more than 54 days, would be necessary to make demonstrate the advantages of feeding fish with moisturized pellets.
The most important result concerns sea bass resistance to Vibrio anguillarum infection. A positive and progressive effect on fish resistance was observed above 20% of moisture in pellets. This experiment ask the question of development the bacterial protective community in the intestinal mucus, when the water content of the pellets reached 60%, i.e. almost the water content of natural prey.
Feed manufacturers and scientists have explored the possibility of including prebiotics, probiotics, yeast or specific bacteria into dry feed just before distribution to fish in the aim of increasing growth and treating or preventing fish diseases. Given that rearing conditions are different on each farm and depend on fish species, life stage, the environment and local diseases treatment to improve growth or immunity has to be specifically elaborated for each farm situation. Moisturized pellets could be combined with compounds of interest using water as the medium with a positive effect on fish gut integrity. Future experiments could focus on the relationship between the mucus layer, water and specific bacteria to optimize feed conversion efficiency and reduce fish loss during the rearing period, in the aim of making fish farming ecological, economically viable and sustainable.
